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Abstract

Orimulsion, a bitumen-in-water emulsion produced in Venezuela, was evaluated to provide a better
understanding of the potential environmental impacts associated with its use as a fuel.  A series of
pilot-scale tests were conducted at the U.S. Environmental Protection Agency’s Environmental
Research Center in Research Triangle Park, NC, to provide data on emissions of air pollutants from
the combustion of Orimulsion 100 (the original formulation), Orimulsion 400 (a new formulation
introduced in 1998), and a No. 6 (residual) fuel oil.  These results, and results of full-scale tests
reported in the technical literature, were evaluated to determine the potential air pollutant emissions
and the ability of commercially available pollution control technologies to adequately reduce those
emissions.  Emissions of carbon monoxide (CO), oxides of nitrogen (NOx), sulfur dioxide (SO2),
sulfur trioxide, particulate matter (PM), and organic and metal hazardous air pollutants (HAPs) were
measured from each of these three fuels to provide a comparison between the “new” fuel
(Orimulsion) and a fuel that has been commonly used in the U.S. (the No. 6 fuel oil).  Results
indicate that CO, NOx, and PM emissions are likely to be nearly the same as those from the No. 6 fuel
oil, that SO2 emissions can increase if the fuel sulfur content increases, that the particles generated by
Orimulsion 100 and 400 are likely to be smaller in diameter than those generated by No. 6 fuel oil,
and that HAPs are also likely to be similar to those from No. 6 fuel oil.  Both the full-scale results
found in the literature and the pilot-scale results measured at EPA indicate that conventional air
pollution control technologies can effectively reduce emissions to very low levels, depending upon
the type of technology used and the desired emission levels.  Because the bitumen in Orimulsion is
heavier than water and due to the presence of a surfactant in the fuel, spills of Orimulsion are likely to
be more difficult to contain and recover than are spills of heavy fuel oil, especially in fresh water.
Additional study is needed before adequate containment and response approaches can be developed.
Little, if any, work has been conducted by the fuel producer or the scientific community to address
the remaining spill-related issues.
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Preface

This report is the result of a request by the U.S. Congress to receive scientific information regarding
the potential environmental impacts of the use of Orimulsion as a fuel.  In the second half of the
1990s, there was considerable interest on the part of electric utilities in using Orimulsion, which was
promoted as a low-cost fuel that could replace heavy fuel oil or coal.  There were also many concerns
raised by the environmental community regarding the environmental impact associated with
switching to Orimulsion.  In 1997, the U.S. Congress requested that the U.S. Environmental
Protection Agency (EPA) conduct a study to evaluate the potential environmental impacts associated
with the use of Orimulsion.  EPA’s Office of Research and Development provided funds to the
National Risk Management Research Laboratory (NRMRL) to conduct this study, and a team of EPA
experts in air pollution control, spill response, health effects, and environmental assessment was
assembled to carry out the investigation.  This report was prepared by EPA staff using data generated
at EPA facilities as well as data collected from the general literature.  

In 1998, Bituménes Orinoco (Bitor), the manufacturer of Orimulsion, changed the formulation of the
fuel.  The original fuel, renamed Orimulsion 100, was replaced with a new formulation named
Orimulsion 400.  Compared to the amount of information on Orimulsion 100, there is relatively little
data on the performance of Orimulsion 400.  While this report provides as much data as possible on
the emissions and performance of Orimulsion 400, the bulk of the data are for the older formulation
(Orimulsion 100).  Although Orimulsion 100 is no longer produced, the results presented here are
still believed to adequately describe the basic behavior of both formulations of Orimulsion.  The key
question to be addressed in this study is, “Is Orimulsion significantly different from other fossil fuels,
and if so, how?”  The differences between Orimulsion 100 and Orimulsion 400, as indicated both
from the available data and the information provided by the manufacturer, are substantially smaller
than the differences between Orimulsion and other fossil fuels.  The report distinguishes between the
two formulations where appropriate, but uses the generic term “Orimulsion” where such distinction
is either unimportant or misleading.  The recent reformulation is significant with respect to the
surfactant used (which will affect spill toxicity) and the use of a magnesium-based additive (which
will affect boiler tube deposition and particulate matter emissions).  Other environmental issues
appear to be impacted only to a minor degree by the change in formulation.

The emphasis of this report is on generation and control of air pollutants from the combustion of
Orimulsion.  Although there are other environmental issues associated with the use of Orimulsion,
particularly spills of the fuel into water, EPA and NRMRL were advised on several occasions that
questions related to air pollutant generation and control were the key unknowns associated with
understanding the environmental impact potential of Orimulsion.  The initial step in EPA’s research
activities was the convening of a workshop to discuss environmental issues related to Orimulsion use.
This workshop, held February 8, 1998, concluded that there was a lack of information on particle size
distribution and composition and on emissions and control of sulfur trioxide from Orimulsion
combustion.  The workshop also concluded that enough data existed to allow a comparative risk
analysis for heavy fuel oil and Orimulsion, and therefore additional research in that area was not
immediately required.  The workshop noted that a lack of data existed describing the behavior, fate,
and effects of Orimulsion spills in fresh water.  However, the workshop concluded that investigations
into these areas should be the responsibility of Bitor in the event they sought to market the fuel to
users where spills into fresh water were possible.  Considerable work has been conducted to quantify
behavior, fate, and effects of Orimulsion in saltwater environments under the oversight of the
International Orimulsion Working Group, of which Bitor is a member and the major source of
funding.  Thus this report has as its focus the generation and control of air pollutants, although other
topics are also covered.

This focus was emphasized in the Orimulsion Technology Assessment Plan that was prepared to
guide EPA’s research efforts.  This plan was reviewed and approved, with modifying comments, by a
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panel of technical experts, mostly from outside the federal government.  The only exception was one
member from the U.S. Coast Guard.  The Plan was then reviewed by the Office of Management and
Budget (OMB), the U.S. Department of Energy, and the Office of Science and Technology Policy.
EPA responded to comments made by each of these organizations and revised the Plan, which was
approved by OMB on April 22, 1999.

The National Risk Management Research Laboratory was the lead organization for the study, and was
chiefly responsible for preparation of Chapters 1-5 and 9-12.  Robert E. Hall was the overall program
lead, and C. Andrew Miller was the lead author of these chapters.  Kevin Dreher of the National
Health and Environmental Effects Research Laboratory prepared Chapter 6, on toxicity testing, with
substantial assistance from Adriana Crain.  Chapter 7, on spills, was prepared with assistance from
Royal J. Nadeau of EPA’s Office of Solid Waste and Emergency Response.  Randall Wentsel of the
National Center for Environmental Assessment prepared Chapter 8, on environmental assessment.

The conclusions stated in this report are scientific conclusions, and are not intended to provide
guidance relative to regulatory requirements that may or may not apply to the use of Orimulsion.
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Nomenclature and Acronyms

APCS  . . . . . . . . . . . . . . . . . . air pollution control system
API . . . . . . . . . . . . . . . . . . . . American Petroleum Institute
APPCD . . . . . . . . . . . . . . . . . Air Pollution Prevention and Control Division
ARD . . . . . . . . . . . . . . . . . . . Arizona road dust
ASTM  . . . . . . . . . . . . . . . . . American Society for Testing and Materials
BALF  . . . . . . . . . . . . . . . . . . bronchoalveolar fluid
bbl  . . . . . . . . . . . . . . . . . . . . barrels, U.S. petroleum
BTEX . . . . . . . . . . . . . . . . . . benzene, toluene, ethylene, and xylenes
Btu  . . . . . . . . . . . . . . . . . . . . British thermal unit
CAA . . . . . . . . . . . . . . . . . . . Clean Air Act
CAAAs . . . . . . . . . . . . . . . . . Clean Air Act Amendments of 1990
CARB . . . . . . . . . . . . . . . . . . California Air Resources Board
CE  . . . . . . . . . . . . . . . . . . . . Combustion Engineering
CEM . . . . . . . . . . . . . . . . . . . continuous emission monitor
CO  . . . . . . . . . . . . . . . . . . . . carbon monoxide
CO2  . . . . . . . . . . . . . . . . . . . carbon dioxide
DAS  . . . . . . . . . . . . . . . . . . . data acquisition system
DQI  . . . . . . . . . . . . . . . . . . . data quality indicator
EDX . . . . . . . . . . . . . . . . . . . energy dispersive x-ray
ENEL . . . . . . . . . . . . . . . . . . Italian Electricity Generating Board
EPA  . . . . . . . . . . . . . . . . . . . Environmental Protection Agency
ESP  . . . . . . . . . . . . . . . . . . . electrostatic precipitator
FETC  . . . . . . . . . . . . . . . . . . U.S. Department of Energy’s Federal Energy Technology Center
FGD  . . . . . . . . . . . . . . . . . . . flue gas desulfurization
FPL  . . . . . . . . . . . . . . . . . . . Florida Power & Light Company
GIS . . . . . . . . . . . . . . . . . . . . geographical information systems
HAP  . . . . . . . . . . . . . . . . . . . hazardous air pollutant
HEPA . . . . . . . . . . . . . . . . . . high efficiency particulate air
HFO  . . . . . . . . . . . . . . . . . . . heavy fuel oil
HQ  . . . . . . . . . . . . . . . . . . . . health quotient
IOWG . . . . . . . . . . . . . . . . . . International Orimulsion Working Group
IURE  . . . . . . . . . . . . . . . . . . inhalation unit risk estimate
LAPIO  . . . . . . . . . . . . . . . . . low API oil
LDH . . . . . . . . . . . . . . . . . . . lactate dehydrogenase
LNB  . . . . . . . . . . . . . . . . . . . low NOx burner
LOEC . . . . . . . . . . . . . . . . . . lowest observable effects concentration
LOEL . . . . . . . . . . . . . . . . . . lowest observed effect level
LOI  . . . . . . . . . . . . . . . . . . . loss on ignition
MACS  . . . . . . . . . . . . . . . . . miniature acid-condensation system
MDL  . . . . . . . . . . . . . . . . . . method detection limit
MEI  . . . . . . . . . . . . . . . . . . . maximum exposed individual
MIR  . . . . . . . . . . . . . . . . . . . maximum individual risk
NCEA . . . . . . . . . . . . . . . . . . National Center for Environmental Assessment
NHEERL  . . . . . . . . . . . . . . . National Health and Environmental Effects Research Laboratory
NO  . . . . . . . . . . . . . . . . . . . . nitric oxide
NOEC . . . . . . . . . . . . . . . . . . no observable effects concentration
NOx  . . . . . . . . . . . . . . . . . . . nitrogen oxides
NRC  . . . . . . . . . . . . . . . . . . . National Research Council
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Nomenclature and Acronyms (Continued)

NRMRL  . . . . . . . . . . . . . . . . National Risk Management Research Laboratory 
NSPS  . . . . . . . . . . . . . . . . . . New Source Performance Standard 
O2 . . . . . . . . . . . . . . . . . . . . . oxygen
OERR . . . . . . . . . . . . . . . . . . Office of Emergency and Remedial Response
OFA  . . . . . . . . . . . . . . . . . . . overfire air
ORD . . . . . . . . . . . . . . . . . . . Office of Research and Development
ORI 100  . . . . . . . . . . . . . . . . Orimulsion 100
ORI 400  . . . . . . . . . . . . . . . . Orimulsion 400
OSWER  . . . . . . . . . . . . . . . . Office of Solid Waste and Emergency Response
OTAP . . . . . . . . . . . . . . . . . . Orimulsion Technology Assessment Plan
PAH  . . . . . . . . . . . . . . . . . . . polycyclic aromatic hydrocarbon
PBS  . . . . . . . . . . . . . . . . . . . Package Boiler Simulator
PC  . . . . . . . . . . . . . . . . . . . . pulverized coal
PDVSA . . . . . . . . . . . . . . . . . Petroléos de Venezuela, S.A.
PEA  . . . . . . . . . . . . . . . . . . . performance evaluation audit
PM  . . . . . . . . . . . . . . . . . . . . particulate matter
PM2.5  . . . . . . . . . . . . . . . . . . particulate matter smaller than 2.5 µm in aerodynamic diameter
PM10 . . . . . . . . . . . . . . . . . . . particulate matter smaller than 10 µm in aerodynamic diameter
ppm  . . . . . . . . . . . . . . . . . . . parts per million
QA  . . . . . . . . . . . . . . . . . . . . quality assurance
QAPP  . . . . . . . . . . . . . . . . . . quality assurance project plan
QC  . . . . . . . . . . . . . . . . . . . . quality control
ROFA 6  . . . . . . . . . . . . . . . . residual oil fly ash (No. 6 fuel oil)
RSD  . . . . . . . . . . . . . . . . . . . relative standard deviation
SASS  . . . . . . . . . . . . . . . . . . source assessment sampling system
SCR  . . . . . . . . . . . . . . . . . . . selective catalytic reduction
SEM . . . . . . . . . . . . . . . . . . . scanning electron microscope
SMPS  . . . . . . . . . . . . . . . . . . scanning mobility particle sizer
SNCR  . . . . . . . . . . . . . . . . . . selective noncatalytic reduction
SO2 . . . . . . . . . . . . . . . . . . . . sulfur dioxide
SO3 . . . . . . . . . . . . . . . . . . . . sulfur trioxide
SVOC . . . . . . . . . . . . . . . . . . semivolatile organic compound
TCLP  . . . . . . . . . . . . . . . . . . toxicity characteristic leaching potential
THC  . . . . . . . . . . . . . . . . . . . total hydrocarbon
TSA  . . . . . . . . . . . . . . . . . . . technical systems audit
VOC . . . . . . . . . . . . . . . . . . . volatile organic compound
VOST . . . . . . . . . . . . . . . . . . volatile organic sampling train
WLFO . . . . . . . . . . . . . . . . . . wet limestone forced oxidation
XRF  . . . . . . . . . . . . . . . . . . . X-ray fluorescence
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Appendix B
Continuous Emission Monitoring Data for EPA Pilot-Scale Tests

CEM data collected from each of the 12 test runs are presented below.  Figures B-1 through B-12
present CO, NO, O2, and SO2 concentrations (uncorrected) for each of the four test runs conducted
for each of the three fuels.  The top plot in each case shows O2 concentration, and the bottom plot
shows CO, NO, and SO2.  The sampling personnel attempted to collect samples when O2 and CO
fluctuations were minimal, and did not sample during periods when there were large fluctuations in
conditions.

The plots are presented in chronological order, with Figures B-1 through B-4 showing results from
tests of Orimulsion 400, Figures B5 through B-8 showing results from Orimulsion 100, and Figures
B-9 through B-12 showing results from No. 6 fuel oil.
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Figure B-1. CEM data for O2 (top), CO, NO, and SO2 (bottom) taken May 18, 1999 during EPA’s pilot-scale testing
of Orimulsion 400.
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Figure B-2.  CEM data for O2 (top), CO, NO, and SO2 (bottom) taken May 19, 1999 during EPA’s pilot-scale testing
of Orimulsion 400.
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Figure B-3.  CEM data for O2 (top), CO, NO, and SO2 (bottom) taken May 20, 1999 during EPA’s pilot-scale testing
of Orimulsion 400.
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Figure B-4.  CEM data for O2 (top), CO, NO, and SO2 (bottom) taken May 21, 1999 during EPA’s pilot-scale testing
of Orimulsion 400.
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Figure B-5.  CEM data for O2 (top), CO, NO, and SO2 (bottom) taken May 24, 1999 during EPA’s pilot-scale testing
of Orimulsion 100.
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Figure B-6.  CEM data for O2 (top), CO, NO, and SO2 (bottom) taken May 25, 1999 during EPA’s pilot-scale testing
of Orimulsion 100.
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Figure B-7.  CEM data for O2 (top), CO, NO, and SO2 (bottom) taken May 26, 1999 during EPA’s pilot-scale testing
of Orimulsion 100.
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Figure B-8.  CEM data for O2 (top), CO, NO, and SO2 (bottom) taken May 27, 1999 during EPA’s pilot-scale testing
of Orimulsion 100.
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Figure B-9.  CEM data for O2 (top), CO, NO, and SO2 (bottom) taken June 3, 1999 during EPA’s pilot-scale testing
of No. 6 fuel oil.
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Figure B-10.  CEM data for O2 (top), CO, NO, and SO2 (bottom) taken June 4, 1999 during EPA’s pilot-scale testing
of No. 6 fuel oil.
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Figure B-11.  CEM data for O2 (top), CO, NO, and SO2 (bottom) taken June 7, 1999 during EPA’s pilot-scale testing
of No. 6 fuel oil.
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Figure B-12.  CEM data for O2 (top), CO, NO, and SO2 (bottom) taken June 8, 1999 during EPA’s pilot-scale testing
of No. 6 fuel oil.
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APPENDIX C
Volatile Organic Compound Analysis Laboratory Reports

Concentrations of volatile organic compounds (VOCs) were measured in EPA’s Organics Support
Laboratory, located in the Environmental Research Center in Research Triangle Park, NC.  Analyses
were conducted by chemists from ARCADIS Geraghty & Miller, the contractor for EPA’s Air
Pollution Prevention and Control Division.

The analyses were conducted to specifically determine levels of benzene, ethylene, toluene, and
xylenes (BTEX), which were the criteria compounds for the analyses.  The laboratory report stated
that other compounds detected may have been outside the criteria used for BTEX, and the data
should be evaluated using the case narrative supporting the data.

The following pages are the detailed case narrative and laboratory reports for each of the three
samples collected from each of the three fuels.  Also included are the matrix spike and matrix spike
dupicate results and the results from the field blank used to evaluate laboratory contamination of the
samples.
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APPENDIX D
Semivolatile Organic Compound Analysis Laboratory Reports
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APPENDIX E
Metals Analysis Laboratory Reports
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APPENDIX F
Orimulsion Spill References Cited by the NRC, U.S. Coast Guard, and

Environment Canada Reports

Bitor (1999).  “Orimulsion spill response manual,” PdVSA and Bitor America Corp., Boca Raton,
FL.

Bitor America (1997).  “Orimulsion containment and recovery test carried out in Puerto La Cruz,
Anzoatgui State, Venezuela,” Bitor America, Boca Raton, FL, October 1996.

Brown, J.W., Fuentes, H.R., Jaffe, R., and Tsihrintzis, V.A. (1995).  “Comparative evaluation of
physical and chemical fate processes of Orimulsion and fuel oil No. 6 in the Tampa Bay marine
environment,” Chapter 4, Comparative Ecological Risk Assessment - Final Report, Center for
Marine and Environmental Analysis, University of Miami, Miami, FL, June 1995.

CEDRE (1996).  “Orimulsion bitumen clean-up trials,” Centre de Documentation de Recherche et
d’Experimentations, Brest, France, Report R.96.11.

Clement, F., Gunter, P., and Oland, D. (1997).  “Trials of recovery and cleanup techniques on
bitumen derived from Orimulsion,” Proceedings of the 1995 International Oil Spill Conference ,
American Petroleum Institute, Washington, DC, pp. 89-93.

Deis, D.R., Tavel, N.G., Masciangioli, P., Villoria, C., Jones, M.A., Ortega, G.F., and Lee, G.R. (1997).
“Orimulsion: Research and testing and open water containment and recovery trials,”
Proceedings of the 1997 International Oil Spill Conference , American Petroleum Institute,
Washington, DC, pp. 459-467.

Febres, G.A., Goncalves, J.A., Masciangoli, P., and Vilas, J. (1996).  “Fate and behavior of
Orimulsion spilt in sea water,”unpublished report, Comparative Oil-Orimulsion Spill Assessment
Program, Volume III, Florida Power and Light Company, Miami, FL.

Guénette, C., Sergy, G., and Fieldhouse, B. (1998).  “Removal of stranded bitumen from intertidal
sediments using chemical agents, Phase I: Screening of chemical agents,” Environment Canada
report, Emergency Sciences Division, Environment Canada, Edmonton, Alberta, Canada (18 pp.).

Gunter, P., and Sommerville, M. (1991).  “Orimulsion spill trials - Nelson Dock, Liverpool,”
NETCEN, AEA Technology/BP Research, Oxfordshire, U.K., July/August 1991.

Harper, J.R., and Kory, M. (1997).  “Orimulsion sediment interaction experiments,” Report to
Emergency Sciences Division, Environment Canada, Ottawa, Ontario, Canada (34 pp.).

Jokuty, P., Fieldhouse, B., Fingas, M., Whiticar, S., and Latour, J. (1998).  “Characterizing the
dynamics of Orimulsion spills in salt, fresh, and brackish water,”Proceedings of the 21st Arctic
and Marine Oilspill Program , Technical Seminar, Environment Canada, Ottawa, Ontario, Canada,
pp. 33-50.

Jokuty, P., Whiticar, S., Fingas, M., Wang, Z., Doe, K., Kyle, D., Lambert, P., and Fieldhouse, B.
(1995).  “Orimulsion: Physical properties, chemical composition, dispersability, and toxicity,”
Report EE-154, Environment Canada, Ottawa, Ontario, Canada.

Jokuty, P., Whiticar, S., Wang, Z., Doe, K., Fieldhouse, B., and Fingas, M. (1999).  “Orimulsion-400;
A comparative study,” Report EE-160, Environment Canada, Ottawa, Ontario, Canada.

Lorenzo, T. (1996).  “Orimulsion containment and recovery tests, October 1996, Puerto La Cruz,
Venezuela,” Trip report, EED Report Series No. 96, Emergencies Engineering Division,
Environment Canada, Ottawa, Ontario, Canada.

Ostazeski, S.A., Stout, S.A., and Uhler, A.D. (1998). “Testing and characterization of Orimulsion 400
- Volume I - Technical Report,” Final report to Bitor America Corp., 44 pp., February 25, 1998.
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International Oil Spill Conference, American Petroleum Institute, Washington, DC, pp. 469-477.

Potter, T.L. (1995).  “Chemistry of fuel oil #6 and Orimulsion,” Chapter 14, Comparative
Ecological Risk Assessment - Final Report, Center for Marine and Environmental Analysis,
University of Miami, Miami, FL, June 1995.

Potter, T.L., Wu, J., Simmons, K., Kostecki, P., and Calabrese, E. (1997).  “Chemical characterization
of the water soluble fraction of Orimulsion-in-water dispersions,” Department of Food Science
and School of Public Health, University of Massachusetts, Amherst, MA.

Sneddon, R. (1989).  “A report on a study to determine treatment options following spillage of
Orimulsion into marine and freshwater environments,” Oil Spill Service Centre, Southampton,
UK.

Sommerville, M., Lunel, T., Bailey, N., Oland, D., Miles, C., Gunter, P., and Waldhoff, T. (1997).
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APPENDIX G
Additional Ecological Risk Assessment Studies

The original risk assessment by Harwell et al. (1995) was conducted for Bitor as part of their original
permit application to the State of Florida, and the document was reviewed by an independent
technical panel (chosen by EPA) for this report.  The conclusions of that panel were presented in
Chapter 8.  

Following the original assessment, additional studies were conducted that were not reviewed by the
independent panel.   The studies for the updated assessment included:

1. Additional toxicity data on benthic organisms - Several additional benthic species indigenous to
Tampa Bay were tested for acute toxicity to Orimulsion and to No. 6 fuel oil.  

2. Additional toxicity data on the surfactant - Additional toxicological tests were conducted to
evaluate the potential ecological impacts expected from exposure to the surfactant in Orimulsion
100 in the event of a spill, specifically focused on chronic life-cycle tests for endocrine
disruption effects.  

3. Additional ecorisk assessment on surfactant - Based on those new chronic life-cycle tests, a risk
assessment was conducted on the ecological effects from the surfactant associated with
Orimulsion 100 in the event of a large-scale spill into Tampa Bay.  

4. Additional ecorisk assessment on shallow water and nursery areas - Similarly, based on the new
acute toxicity information as well as the previous toxicity data, and using a new set of fate-and-
transport calculations, a new comparative ecological risk assessment was conducted that focused
on the risks to the shallow water critical habitats and nursery areas of Tampa Bay from
Orimulsion 100 and No. 6 fuel oil. 

5. Additional assessment of risk reductions in Tampa Bay and elsewhere - An assessment was
conducted to examine the overall ecological risk reductions from fuel spills in Tampa Bay and
other estuarine ecosystems within the State of Florida. 

6.  Aquatic toxicity studies were conducted on Orimulsion 400.   Comparative studies indicated a
similar toxicity of the two formulations.

The results of these studies were incorporated into an updated environmental risk assessment
conducted for Bitor.  The key conclusions of that assessment are listed below:

1. The risks to the shallow water, critical habitats of Tampa Bay were reported as being orders-of-
magnitude lower for a major spill of Orimulsion than for a comparable spill of No. 6 fuel oil. 

2. Exposures to the surfactant of Orimulsion 100 in Tampa Bay were reported as being many
orders-of-magnitudes lower than the lowest observed effect level as measured through a partial
life-cycle test using a sensitive fish species.  It was concluded that a spill of Orimulsion 100
would pose no risk whatsoever for endocrine disruption of biota in Tampa Bay.

3. The updated assessment also noted that conversion from No. 6 fuel oil to Orimulsion at the
Manatee plant would shift electricity production in the rest of the State of Florida, resulting in
significant reduction in the risk of spills of #6 fuel oil in other areas of the State, including at the
Biscayne National Park, Canaveral National Seashore, and other protected waters of Florida. 

4. The toxicity of Orimulsion 400 (the current formulation) is comparable to Orimulsion 100.
Further, the reformulation of the surfactant in Orimulsion 400 removes the concern regarding
potential endocrine disruption.

These conclusions were cited in a document submitted in response to comments on this report by
Bitor America (Harwell and Golder 2000).  The document was prepared by the lead author of the
initial environmental risk assessment reviewed for this report (Harwell et al. 1995) and by an associate
of a technical firm that has conducted work in support of Bitor’s permitting efforts in the U.S.  The
submitted document provides additional detail and data, but has not been independently reviewed and
is therefore not included in its entirety as part of this report.
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References cited in the updated environmental assessment but not in the original assessment are listed
below.
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Biochem. Molec. Biol., 54(1/2), pp. 7-9.

Bjornestad, E., A.R. Pedersen, and S. Bowadt (1998).  “Ecotoxicological characterization of
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Middlesex, England, 16 pages, January 1998.

Davis, J.W., and C.L. Carpenter (1997).  “Environmental assessments of the alkanolamine,”  in
Reviews of Environmental Contamination and Toxicology,  Volume 149,  Springer-Verlag, New
York, N.Y.

Environmental Health Research and Testing (1987).  “Screening of priority chemicals for
reproductive hazards: Monoethanolamine, diethanolamine and triethanolamine,” report  ETOX-
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APPENDIX H
Comparative Risk Methodology Synopsis of Harwell et al. (1995)

The NCEA review of the comparative risk assessment conducted by Harwell et al. (1995) included a
synopsis of the methodology used in the assessment.  The synopsis is presented below.

1) Meteorological and tidal conditions during and following the hypothetical spill event were
input to a hydrodynamical model, based on actual records for Tampa Bay during January
1991 and August 1991.  Hydrodynamical conditions during and following each scenario
spill were simulated using the NOS-based 3-D hydrodynamical model.  This model provided
spatially explicit projections following a hypothetical spill scenario of the current vectors
through the Tampa bay system and the area near the mouth of the Bay.

2) These output current vectors were input to a transport model to define the current field
necessary to simulate the transport of the No. 6 fuel oil and Orimulsion.  Also provided as
inputs to the Orimulsion model and the SIMAP oil spill model were parameters representing
the characteristics of the two fuel types as derived from chemical, physical, and weathering
characteristics studies, as well as from values in the literature.

3) Transport of the spilled No. 6 fuel oil as an oil slick on the surface of Tampa Bay was
simulated using the reparameterized  SIMAP model analyses: the oil slick was modeled as a
set of “spillets” at variable scales of resolution.

4) A post-processing algorithm was developed to generate a map of the movement of the oil
slick over the duration of the simulation.  The map of the movement of the oil slick was
transferred into the GIS facility to produce maps of the Tampa Bay region and the oil slick
coverage for each scenario analyzed.

5) Interception of the No. 6 fuel oil slick that came into contact with the shoreline was also
simulated using the SIMAP model.  Scientists developed another algorithm to calculate the
amount of mass of oil slick intercepting each section of the shoreline.

6) The map of the interception of the oil slick was transferred into the GIS facility to produce
maps that superimpose the coastal areas contacted by the No. 6 fuel oil slick overlain onto the
coverage of the oil slick for each scenario analyzed.

7) The oil slick outputs could not be directly compared with the toxicological exposure-
response because there are no data to relate the amount of fuel slick present (or cumulative
value for each cell) to ecological effects.  Consequently, exposure maps of a No. 6 fuel oil
slick are presented with a scalar, using shades of brown to represent the area covered during a
simulation by the oil slick.  A qualitative examination of the potential effects of the oil slick
from a spill of No. 6 fuel oil was developed, considering areal extent of the slick, the area and
types of shoreline habitats intercepted by the oil slick, and historical experiences with No. 6
fuel oil spills contacting mangrove and seagrass ecosystems.  Note that, since Orimulsion was
considered not to develop a significant oil slick, this analysis was not done for Orimulsion
scenarios.

8) A reformulated and reparameterized SIMAP model was used to simulate the movement of
dissolved and particulate fractions entrained into the water column following a spill of No. 6
fuel oil.  For each cell in the SIMAP grid for each time step, each non-zero value of aromatic
concentration was noted.  For each cell, the cumulative exposure (concentration x duration)
was calculated, based on the maximum concentration seen at any level within the 5-layer
water column during each time step.  Units for the cumulative exposures are ppb-hr of
dissolved aromatics.
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9) Transport of spilled Orimulsion was simulated using the Orimulsion spill model.  This model
simulated the 3-D movement over time throughout Tampa Bay and associated waters of the
Orimulsion particulates and dissolved fraction in the water column.  The modeled fraction
used in the risk characterization was the total hydrocarbon content of the water column.

10) The output files from the Orimulsion transport model were sent for post-processing.  As for
the aromatics in No. 6 fuel oil, the cumulative exposures of Orimulsion at each cell in the grid
were calculated.  Units for the cumulative exposures are ppm-hr of hydrocarbons.

11) As for No. 6 fuel oil aromatics, total Orimulsion hydrocarbons were transferred to the much
higher resolution GIS and advanced visualization system for mapping and for calculations of
co-occurrence.

12) The toxicity studies on the potential effects of No. 6 fuel oil and Orimulsion on mangroves
and seagrasses were carefully examined.  It was concluded that no ecologically significant
habitat alteration to the mangrove or seagrass plant communities of Tampa Bay would result
from a spill of either No. 6 fuel oil or Orimulsion.  The focus then turned to an examination
of water-column effects from the two fuel types and the oil slick effects from No. 6 fuel oil.

13) The toxicological information provided by the survey, the INTEVEP project on Orimulsion,
and other literature reviews, plus the results of the toxicological experiments conducted on
seagrasses, seagrass community invertebrate inhabitants, spotted sea trout early life stages, and
mangroves, were examined to identify appropriate toxicological benchmarks for No. 6 fuel
oil and Orimulsion.  The result was the selection of the spotted sea trout yolksac larvae
toxicological responses to represent the sensitive species present in the Tampa Bay ecosystem.
This selection represents a conservative but ecologically and societally important choice.

14) Data for toxicity tests on spotted sea trout yolksac larvae were analyzed to identify dose-
response and time-dependent exposure-response relationships.  It was decided to use the 48-
hr toxicity test for the oil-water dispersion (OWD) fraction of both Orimulsion and No. 6 fuel
oil as most representative of conditions in Tampa Bay following a spill.  In part, this decision
derived from a detailed look at the frequency distribution of cumulative time of exposures
and, in part, this decision related to the leveling off of toxicity at exposure periods exceeding
48 hours.

15) A series of steps was developed to convert from dosing to modeled conditions; for No. 6 fuel
oil, this entailed calculating from the oil-water dispersed fraction stock solution
concentrations and nominal concentrations through BTEX to aromatics concentrations
effectively seen by the test organisms; for Orimulsion, it involved going from the
concentration of Orimulsion in the dosing conditions to the total hydrocarbons simulated in
the Orimulsion transport model.

16) These conversion factors were applied to toxicity data to derive lethality rate-modeled
fraction exposure relationships.  The concentrations were multiplied by 50 to represent the
associated exposure of a two-day period (comparable to 48-hr tests).

17) Using these normalized exposure data, LC10 and LC95 values for aromatics for No. 6 fuel oil
and total hydrocarbons for Orimulsion were calculated using a logistic equation to fit the raw
data.  The LC10 level was chosen on the assumption that no ecological responses would be
ecologically significant at changes <10%.  The LC95 level was chosen to represent a
reasonable upper bound on the asymptotic logistic equation.

18) These LC10 and LC95 values were used to provide the scalars for the graphical representation
of the exposure levels for each scenario simulation.  By making this scaling, the graphical
outputs for No. 6 fuel oil and for Orimulsion are directly comparable in terms of effects to
the sensitive species.  This allows direct, visual comparative analysis of the risks from each
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fuel type for each scenario.

19) These simulations were completed for all 96 scenarios, and the resultant suites of graphical
outputs were visually inspected to identify patterns with respect to the key scenario factors
(location, seasonality, and wind/current conditions).

20) Based on these considerations, four individual scenarios were selected as representative of the
types of transport and exposure regimes realized for the scenario set for each location.  These
four selected scenarios were then explored much more thoroughly for detailed
ecotoxicological analyses.

21) The extensive database was entered into the GIS facility; we have acquired more than 50
separate environmental databases containing all relevant biological, ecological, and physical
information from federal, state, and local agencies concerned with management of Tampa
Bay.  This extensive, unique database provides a unique capability to converge considerable
distribution data with well-defined exposure regime projects.

22) A series of steps was developed to relate the exposure and co-occurrence data for the spotted
sea trout species to population-level effects and recovery times.  We conducted similar
analyses for inland silversides (i.e., the less sensitive species).

23) A series of steps was developed to use the exposure and co-occurrence information to
calculate quantitative values for comparing the risks of the two fuels to selected species in
Tampa Bay.  Three approaches for integrating exposure and effects information into an
estimate of risk, derived from the EPA framework for ecological risk assessment, were used;
single value comparisons (one-dimensional models of toxicant-organism interaction); joint
distribution analysis (comparing distributions associated with estimates of exposure and
effects); and population modeling.

24) Expert judgment was applied to all sets of the risk assessment analyses to develop the
synthesis of the comparative risks to the ecological systems of Tampa Bay from a spill of No.
6 fuel oil and a spill of Orimulsion.
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